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Graduate Program in Science and Space Technologies (PG-CTE)
SPACE SYSTEMS, TESTING AND LAUNCHING (CTE-E)

TRANSITION TO MBSE AND OPM
INTRO



WEEK CLASS ACTIVITY REF INDIVIDUAL w GROUP W
1 |Course Structure and Initial Definitions
Systems Engineering Review P Lestions (10) 0%
2| Classical 3ystems Engineering Diagrams [4]
(IDEF-0/N2/eFFBD/DFD) representation of your system 504
using classical Diagrams
3| Transition from Legacy to MBSE [51[7]
14-03 - Reading and Concepiual N
14 | MBSE Methodologies *papers Questions (10) 1iria 0%
MBSE Languages
4|0PM - Basic [6]
a 180y 1A-04 - Exercises 1044 0%
5|OPM - Extended [6]
5iug 14-05 - Exercises 14 0%
6| OPM - Group Presentation _
i IA-05 - GE - Prepare a presentation of 0%
Fisen a o your system using OPM
7 1SysML Introduction [7]
eS| ( bdd/fibd) 14-07 - Exercises i 0%
B|P1l- Conceptual Questions and Case [1102]1[3]1 [
14-08 - Questions and a mini-
s 5] Case Sl GiA-0E -
1005 100%



Motivation



Te d Si N g . https://www.youtube.com/watch?v=Gmnc-78TUuM

Nine perspectives:

1.

2.

3.

The introductory phase: the early systems and the start of systems engineering
postgraduate education

Changes in the definitions of systems engineering: the changes in a sample of definitions
of systems engineering between the 1950’s and 2024.

Changes in the application of the systems approach in systems engineering: starting with
the General Systems Theory, the changes in the meaning of the systems approach.
Changes in the systems engineering tools: a look at the tools of systems engineering in
the 1950’s and 1960’s and different set of tools in the early 2002's before Model-based
Systems Engineering (MBSE).

Changes in the systems engineering roles: a look at how the roles of the systems
engineer changed between 1969 and 2024 with samples from1969, 1988, 1994, 1996,
1997, 2000, 2017,2019 and 2024.

The two systems engineering paradigms: a brief overview of the original “A” paradigm and
the devolved currently widely-practiced “B” paradigm which seems to have burst on the
scene inthe 1990's.

The early “Standards” for systems engineering: a brief look at MIL-STD 499, EIA-632, IEEE-
1220 and ISO-IEC 15288:2002 showing why they are not actually standards for the
performance of systems engineering.

Historical sketch of INCOSE: highlights a few milestones from its beginning as the
National Council on Systems Engineering to the introduction and singular focus on
MBSE.

The nine perspectives of systems engineering: shows how the differences in the contents
of textbooks, and journal and conference papers were grouped into nine perspectives.

= EBVoulube

B
%INCQSE A History of Systems
Engineering
w its evolution and devolution

25 July 2024

Joseph Kasser
Bruce Lerner
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“Systems Engineering tools
look like they are from the 90s!”

https://spicy-se.com
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Language Perspective



* Reducing to a function - we are standard
recognizers

https://www.psychologytoday.com/blog/the-athletes-
way/201311/what-is-the-human-connectome-project-why-should-
you-care
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The Systems Engineering Team is the integrator
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Digitalization of the Activities
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Model Driven Development ...

Ferramenta de
_modelagem / Modelo

S ,<1—)>

.....
-----
-----
war

Wittt T

) ’@{}

Transformacao

Ferramenta
para definir
transformacodes

Outros
modelos
Mecamsmo para
executar transformacoes
Cddlgo-
fonte

= MDD — Model Driven
Development

= MDSD — Model Driven Software
Development

= MDA — Model Driven Architect

= MDSE — Model Driven Software
Engineering

= MDRE — Model Driven Reverse
Engineering

= MM — Model Management

= ADM — Architecture Driven
Modernization

= DDD — Domain Driven Design

= MBD — Model Based Development

http://www.devmedia.com.br/model-driven-architecture-com-enterprise-architect/33898




Model Based Systems
Engineering
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MBSE

“Model-based systems engineering (MBSE) is a
systems engineering methodology that focuses on

creating and exploiting domain models as the
between

engineers, rather than on document-based
information exchange.”

“the formalized application of modelling to support system requirements, design, analysis, verification and validation activities
beginning in the conceptual design phase and continuing throughout development and later life cycle phases. MBSE is part of a long-
term trend toward model-centric approaches adopted by other engineering disciplines, including mechanical, electrical and software.
In particular, MBSE is expected to replace the document-centric approach that has been practiced by systems engineers in the past and
to influence the future practice of systems engineering by being fully integrated into the definition of systems engineering processes.”

http://www.omgwiki.org/MBSE/doku.php



http://www.omgwiki.org/MBSE/doku.php

So... MBSE requires a methodology... Why?

* The tool will not provide an universal language, it filter the
“universe” of symbols into a set of options.

* Methodology - Defined as a collection of related processes, methods,
and tools.

* Process - A logical sequence of tasks performed to achieve a particular
objective. A process defines the “ " is to be done, without specifying
the “HOW” each task is to be performed.

* Method - Consists of techniques for performing a task, the “ ” of each
task. The terms “method,” “technique,” practice,” and “procedure” can be
used interchangeably in this context.

* Tool - An instrument that, when applied to a particular method, can enhance
the efficiency of a task. Thus, methods help bridge the gap between process
and tools. The purpose of the tool should be to

17
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INCOSE METHODOLOGIES

List of Methodologies and Methods
Methodologies Surveyed in INCOSE 2008 Report

Name

INCOSE Object-Oriented Systems Engineering Method (OOSEM)
IBEM Rational Telelogic Harmony-5E

IBM Rational Unified Process for Systems Engineering (RUP-SE)

Primary Point of Contact
Ed safriedenthal@gmail.com
B4 peter hoffmannigtelelogic.com

B mcantor@us.ibm.com

Vitech Model-Based Systems Engineering (MBSE) Methodology|Vitech | & jlong@vitechcorp.com

JPL State Analysis (SA) Methodology|JPL State Analysis (SA)
4 Dori Object-Process Methodelogy (OPM)

Bl Robert. D Rasmussen@jpl.nasa.gov

B4 dori@ie_technion.ac.il

Additional Methodologies ldentified as Gaps Since 2008 INCOSE Survey

Name

Weilkiens Systems Modeling Process (SYSMOD)

Fernandez Process Pipelines in OO0 Architectures (PPOOA)

An Ontology for State Analysis: Formalizing the Mapping to SysML
am 150-15288, O0OSEM and Model-Based Submarine Design
Alstom ASAP methodology

Pattern-Based Systems Engineering (PBSE)

4 & Arcadia, a model-based engineering method

Primary Point of Contact

B Tim. Weilkiens@oose de

B joselfernandez@telefonica.net

B4 nicolas.frouguette@jpl.nasa.gov

B Paul Pearce@deepbluetech.com.au

B marco. ferrogalini@transport alstom.com
Ed schindel@ictt.com

f Polarsys/Capella

https://www.omgwiki.org/MBSE/doku.php?id=mbse:methodology
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Table of Contents

4 [Click Here] to return to the Transition Guidance Activity Team Home Page Mode! Based Systems

Engineering (MBSE) Workshop at

Model Based Systems Engineering (MBSE) Workshop at INCOSE IW Toot Capabity Summary
2025 MBSE Workshop Schedule
Saturday, February 1, 2025
The MBSE Workshop will be held as part of the % INCOSE International Workshop 2025 in Seville, Spain on Sunday, February 2, 2025
February 1-4, 2025. This years’ MBSE Workshop will focus on SysML v2 Transition, Transition, and is a follow- Monday, February 3, 2025
up to the &/ IW 2024 SysML v1 to SysML v2 Transition Guidance Information Session led by the USA Related Sessions at IW 2025
Department of Defense (DoD) Office Under the Secretary of Defense, Research and Engineering OUSD(R&E). for SE Transformation and

MBSE Initiative

SysML v2 is the next generation systems modeling language that is intended to significantly enhance the

precision, expressiveness, consistency, usability, interoperability, and extensibility, compared to SysML v1. It offers both textual and graphical
representations of the language that enhances system understanding. A standard API and a set of services help navigate, query, and update the
model and enable interoperability across tools and models throughout the system development lifecycle.

The SysML v2 specification is planned to be submitted for final adoption by the OMG in February, 2025. Commercial and open-source SysML v2
tools are anticipated to be available in 2025 as well.

To effectively transition from SysML v1 to SysML v2, organizations will need to define and execute an effective transition strategy and plan. This will
help to preserve investments in SysML v1 models while leveraging the enhanced capabilities of SysML v2. To accomplish this, organizations will
need to update their modeling practices, methodology, tools, and training to ready the workforce. In addition, organizations should carefully
consider which projects will transition, when to transition, and how to transition to maximize the benefits and minimize costs and risks to programs
and systems performance.

The session is directed at new and existing MBSE practitioners, and MBSE/Digital Engineering leads within organizations, and INCOSE Working
Group members interested in applying MBSE with SysML v2. This session provides information needed to motivate and begin planning the

transition to SysML v2, and includes presentations, introductory training, demonstrations, and a transition planning workshop.

Presentations from the workshop will be available on this page during or shortly after the workshop.

Tool Capability Summary

e Ul F e o f s AT b e Al e LM e bt Bt e et Lol A

19 https://www.omgwiki.org/MBSE/doku.php?id=mbse:incose_mbse iw 2025
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Graduate Program in Science and Space Technologies (PG-CTE)
SPACE SYSTEMS, TESTING AND LAUNCHING (CTE-E) OBJECT-PROCESS METHODOLOGY

2

OPM — OBJECT PROCESS
METHODOLOGY

2025 — Prof. Dr. Christopher Shneider Cerqueira



Dov Dori

: : Model-Based
e A Single Diagram — Maps
° ° . Systems

Behaviour and Structure Engineering with
* 2 Building Blocks and 10 basic OPM and SysML
relations
 Designed to “Systemic View”
and “Concept Modelling”
Simulation Ready

Created in 2002

Standards  Sectors  AboutiSO  News Takingpart  Store Q search =1

improvin'goa.nd showing it applicability
[ J

ISO 19450:2024

Automation systems and integration
Object-Process Methodology

| Status : Published

Object-Process
Methodology o

A Holistic Systems Paradigm

~130 Pages standard
== e Published in late 2015
e |Intended to

=3
A

S A ISO/PAS 19450:2015°
b (>

Automation systems and integration -- Object-Process Methodology

(Only available in English)

integrations

Abstract Preview ISO/PAS 19460 2015 |

[ ]
([ J
- Added complexity and
.
([ J

“Automation Systems e o
y ISO/PAS 19450:2015 specifies Object-Process Methodology (OPM) with detail sufficient for English - . . .
enabling practitioners to utilise the concepts, semantics, and syntax of Object-Process oot

Methodology as a m
various extents of d
products to aid those practition:

m and language for producing conceptual models at
bling tool vendors to provide application modeling

and Integration”
* Hasthe “power” of a
73 ISO seal.

English v

While ISO/PAS 19450:20 me examples for the use of Object-Process.

s 5ol
Methodology to improve clari does not attempt to provide a complete reference for all ¥
0y 1o imp . ptto pi p or 198 NI

rity, it
the possible applications of Object-Process Methodology.




P International
1SO Standard

1SO 19450:2024

Automation systems and integration Edition 1
— Object-Process Methodology 2024-01

Read sample

24

1ISO 19450:2024

Automation systems and integration — Object-
Process Methodology

Published (Edition 1, 2024)
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References for this section

* Main:
* DORI, D. Model-Based Systems Engineering with OPM and SysML. New York:
Springer, 2016. ISBN 978-1-4939-3294-8.

* OPM Starting Guide
* http://esml.iem.technion.ac.il/introduction-to-opm/

e Absurdly good:
e https://en.wikipedia.org/wiki/Object Process Methodology

26 The following slides have “pieces” of the presentations/papers of the OPM Starting Guide
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Dpclaud Home Features & Uses Testimonials Pricing Contact Us Try It Out

Resources for this lecture

made Simple

OPCloud is a real-time collaborative Web-based
environment for Model-Based'System Engineering,

27

* OPCloud
* Logged account:

* https://opcloud.systems/

* Connect w/ Google SSO using
your @ga account

* Not logged

* |t does not save it, but

similarly

* https://www.opcloud.t

works

ecC

Model-Based
Systems
Engineering

\uminum Chioride | 73 v

inum Chioride
[ —
S v 28 Preparing

Model Intuitively
Yet Formally

The lifecycle of any system, product, or
service commences with conceptual
modeling. OPCloud empowers you to
swiftly and intuitively generate a
conceptual model for your system
while simultaneously obtaining a
formal model that can undergo
rigorous checks, simulations, and
verifications. With OPCloud, you can
seamlessly bridge the gap between
conceptualization and technical
implementation, ensuring the accuracy,
reliability, and effectiveness of your
system model throughout its lifecycle.

using OPM JSO 19450

A conceptual model serves as a fundamental element of any system, and OPCloud empowers
you to efficiently create a conceptual-computational OPM system model while simultaneously
generating a formal, executable model. With OPCloud, you can seamlessly capture and model
your customer's requirements, explore various solution architectures, evaluate alternatives,
select the most suitable option, and progress towards detailed design. Your OPM model
becomes the definitive source of authority, serving as a shared knowledge repository for all
stakeholders involved, ensuring consistent understanding and collaboration throughout the
project lifecycle.

Pagal Br3king
Select the fink kind from ©

A
=9 nandles
— requires.
B =
(=) <« -
Animate, Debug Do It Allinan
Simulate, Validate Agile Mode

Throughout the modeling process, OPCloud is user-friendly, combining

OPCloud enables the modeler to
visualize the model at any stage. The
animated simulation feature proves
invaluable in comprehending the
system's behavior and can be executed
in a sequential or step-by-step manner.
In case a logical error halts the model
simulation, OPCloud offers suggested
solutions to rectify the issue, facilitating
a streamlined troubleshooting process
and ensuring the accuracy and
reliability of the system model.

diagrams and natural language text for
easy and fluent conceptual modeling. Its
advanced algorithms ensure accurate
models from the start, unleashing your
creativity and streamlining the modeling
process. With OPCloud, the modeling
process becomes intuitive and
productive, enabling users to unleash
their full creative potential.


https://opcloud.systems/
https://opcloud.systems/
https://www.opcloud.tech/
https://www.opcloud.tech/
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Conceptual Modeling



¥ The start: How do we explain ideas to each
other?

—

/ Grab a pen and piece of paper, or a chalk and
2 blackboard

vi=-1 Scribble shapes with names next to them

| While talking, run lines with or without arrows among
the shapes

BFR Follow the reaction of the audience to see if idea is
#a3d nderstood

vl 1 Answer questions, continue scribbling...

29



¥ The start: These “first” ideas > Conceptual
Modeling

* A systematic, formalized process of describing, specifying,
designing or explaining ideas, systems, products or processes
through a model

* Applicable to both:

* Science — Studying what is known and what is missing to satisfy human
thirst for knowledge, and

* Engineering — Designing systems to benefit humans, based on sound
scientific principles

* Science can be thought of as reverse engineering of nature



e .
Conceptual Modelling

conceived reality modeled reality

Object -

ey

» Concept < ‘\/ .Mects
concise M Od e I ) Process e,

I models

The model to stakeholders

fragmented knowledge
into explicit and
integrated knowledge

e

* simple yet expressive, and
* intuitive yet formal
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STKH_Need_001

Cargo

distinatian]

[Airborna Payload Transportation]
{A;

Cargo Weight

Crew '

Passenﬁer'i

Marketing_Req_001

Ar (Airborna Cargo Transportaﬁm)
Aircraft. Store .

STKH Need 001 is Airborne Payload Transportation.

Cargo Transporting consumes STKH_Need_001.

Cargo Transporling yields Marketing Req 001,
Marketing_Req_001 is Airborne Cargo Transportation.

Marketing_Req_001 exhibits Aircraft.

Cargo Transporting requires Aircraft,
Aircraft is physical.

Cargo Transporting changes Cargo from origin to destination.

STKH Need 001 exhibits Marketing Reqg 001, as well as Cargo Transporting.

Cargo Transporting exhibits Marketing_Req_001.

Cargo is physical.
Cargo can be origin or destination.
Cargo exhibits Cargo Weight.
Cargo consists of Passenger, Baggage, Store, and Crew.
Passenger is physical.
Baggage is physical.
Store is physical.
Crew is physical.

a

Function Defining
- Requirements |dentifying
Requirements Allocating

:> Traceability

. Configuration

management

Model-Based Systems Engineering
for Aircraft Design with Dynamic
Landing Constraints Using Object-
Process Methodology , AIAA Scitech
2019 Forum
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OPM Foundations



S > j [AR——————
=2, ,(é_ To Model or Not to Model?
3 Formalizing the Conceptual
G Modeling Thought Process
to Benefit Engineers and Scientists

[Dori] Fundamental Questions:

‘echnion, Israel Institute of Technology

SSSSSSSSSS

1. What is needed to describe the universe?
* “Things” and their “relations”

*2. What can those things do?
* Things can exist or happen.

*3. What are the things that exist in the world?
* Objects exist — statics (time-independent).

*4. What are the things that happen in the world?
* Processes happen — are dynamics (time-dependent).



[Dori] Fundamental Questions:

*5. How do objects and processes relate?
* Processes happen to objects. While happening,
* Processes transform objets.

6. Transform?? what does that mean?
* Create

* Destroy

 Affect
* an object



[Dori] Fundamental Questions:

7. Affecting? What does that mean?
* A process affects an object by changing its state. Hence,
objects must have states.
* 8. What are the two major aspects of any system?
e Structure: static aspect — what the system is made of?
* Behaviour: dynamic aspect - how the system changes over
time?
* 9. Which third aspect is specific to man-made systems?

* Function: the utilitarian, subjective aspect. Why? for whom?
Who benefits?
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[Dori] Object-Process Theorem

Dbjects with states, processes
and thelr relations among
them constitute a necessary
and sufficient universal
ontology to describe a system.
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Cognitive channels: visual-OPD and textual-OPL

Christopher

OPM

+

knows

38

= OPM Theory

presenting ‘!’

Presentation

Christopher is physical.
Christopher knows OPM Theory.
Christopher handles presenting.
OPM consists of OPM Theory.
presenting is physical.

presenting consumes OPM Theory.
presenting yields Presentation.
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Model Simulation

* One of the most attractive and useful features of an OPM model,
which enables it to be visualized and tested, is its executability;
that is, the ability to simulate a system by executing its model via
animation in a properly designed software environment.

Automatic Crash
Responding

Automatic Crash
Responding




robotics laboratories, autonomous cars, and even tc;:)",‘n‘éifjjitér-esspace!

https://www.opcloud.tech



https://www.opcloud.tech/

YOURE TRYING To PREDICT THE BEHAVIOR
OF <CorPLCHED SYSTEM>? JUST MODEL
ITAS A <SKPLE OFJECTS AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT PR
<COMPLICATIONS T JUST MH T OF 2.

EQSY;RI?-IT?

S0, WHY DOES <10UR FIELD > NEED
A WHOLE JOURNAL, ANYWAY?

(

BUT IHEE‘E NOTHING MORE OBNOXIOUS THAN
A PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.
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OPM has only two building blocks:

Product

1. Objects states )

A thing that exists or might exist.
2. Processes
A thing that transforms\

All the other elements are relations between things, expressed graphically
as links

tested

(not tested)
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A Object Thing

* An object is a thing that exists. Its
existence can be either physical or
conceptual. An object is a thing that can
be transformed.

* An object can represent simple things
such as car keys, or complex systems such
as manufacturing plants.

* The graphical representation of an object
In

* OPM is a square:
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States and Values

* A state is a possible situation at which
an object can be.

e A state is only meaningful in within the
context of a containing object.

 The graphical representation of a state
in OPM is a rountangle (rounded
rectangle):

Push Coin



A Process Thing

* A process is a thing that transforms an
object.

* This transformation can be:
* Creation of an object.
* Consumption of an object.
* Changing the state of an object.

* By definition, a process must be
associated with at least one object.

* The graphical representation of a
process in OPM is an ellipse:

45




Things nature

* Things
e Existential essence

* Design concern of the
system or outside the
boundary

46
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Essence

* Key to modeling Cyber-Physical Systems

* Physical objects in the model represent
what is really “out there” —actual states and
values of objects

* Informatical objects represent information
about their corresponding physical objects

* Only informatical objects are available to a
decision-making agent (human or artificial)

47
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Affiliation

 Affiliation, which pertains to the thing’s
scope and denotes whether the thing is:

* systemic, i.e. part of the system, or

* environmental, i.e. part of the system’s
environment.

N

EIEE =

- | —>

\——-

~
f&\




e

Essence/Affiliation

Informatical Fhysical Informatical Physical
Systemic Systemic Systemic Systemic
Process Process Obiject Object

s T " - P e o I alhel el "; " i nhalale
+” Informatical ¢ Physical  \ . _Informatical . ' _ Physical
. Environmental 1 . Environmental K + Environmental , Environmental
‘. Process ,’ ‘. Process £ : Object . : Object

oy
‘-1"‘—-.-"" - -

Informatical Systemic Process is an informatical and systemic process.

Physical Systemic Process is a physical and systemic process.

Informatical Systemic Object is an informatical and systemic object.

Physical Systemic Object is a physical and systemic object.

Informatical Environmental Process is an informatical and environmental process.
Physical Environmental Process is a physical and environmental process.
Informatical Environmental Object is an informatical and environmental object.
Physical Environmental Object is a physical and environmental object.

49
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 Structural Link is a link that specificies a static aspect of
the system by connecting na object to another object or a
process to another process.
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Tagged Structural Links

* A unidirectional tagged structural
link defines a structural link
between a source object and a
target object.

* The syntax of the unidirectional tagged
structural link OPL sentence shall be: Source-
thing tag Destination-thing.

* The syntax of the unidirectional null-tagged

structural link OPL sentence shall be: Source-
thing relates to Destination-thing.

* The syntax of the reciprocal tagged structural
link with only one tag shall be: Source-thing and
Destination-thing are reciprocity-tag.

* The syntax of the reciprocal tagged structural
link with no tag shall be: Source-thing and
Destination-thing are related.

Airport

Highway

City

Engine

Airport serves City.
Highway surrounds City.

Inderwater Tunnel

Highway passes through Underwater Tunnel.

Underwater Tunnel enables traffic flow in Highway.

Engine

Gearbox

Engine is attached to Gearbox.
Gearbox is attached to Engine.

Gearboyx

Engine and Gearbox are attached.




Aggregation-Participation

e A structural relation which denotes Resource Descripiion
that one (high level) thing
aggregates  (i.e. consists  of,
contains) one or more (low level)

| | l

Subject Predicate Ohject

things. The high-level thing is called e eerionromenoksenentcosss ofsubiee, Fredes, sna oheet
the whole or the aggregate while Resoutce Descripon

the lower-level things are called {

the parts. — |

Predicate

« The syntax of the aggregation-participation
relation link shall be: Whole-thing consists of
Part-thing1, Part-thing2, ..., Part-thingn.

Resource Description Framework Statement consists of Subject, Predicate, and at least one other part.

53
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Exhibition-Characterization

e A structural relation which denotes that one thing exhibits
(or is characterized) by another thing. A thing exhibits
features that characterize it: An attribute is a static feature
& An operation is a dynamic feature.

 The main difference between exhibition and aggregation
is that an attribute always has a value, whether a part may
be inexistent: A bag of candies will be empty after Purim
(aggregation), but it will always have a color (exhibition).

* The syntax of the exhibition-characterization relation link

for an object exhibitor with a complete collection of n
attributes and m operations shall be: Object-exhibitor
exhibits Attributel, Attribute2, ... , and Attributen, as well
as Operationl, Operator2, ... , Operatorm.

The syntax of the exhibition-characterization relation link
for a process exhibitor with a complete collection of n
operation features and m attribute features shall be:
Process-exhibitor exhibits Operationl, Operator2, ... ,
Operatorn, as well as Attributel, Attribute2, ..., and
Attributem.

{ Material ZLE Farson { Chermical Elamant ﬁ..E Leptop

Spacific Walght Age Atomic WVisight Manlactmes

Material exhibits Specific Person exhibis Chemical Element Laptop exhibits
Weight Age. exhibis Atomic Weight. Manufacturer.

Figure 20 — Object attribute examples

Ajrplane Person Printer Dog
A\ A /A A\

> G LG
Airplane exhibits Person exhibits Printer exhibits Dag exhibis
Flyimg. Walking. Printing. Watching.

Figure 21 — Object exhibitor with operation examples

&@ﬂ <

Dapth Language Printer Duration

Diving =xhibits Commanding exhibits Printing exhibits Striking exhibits
Depth. Language. Printer. Duration.

Figure 22 — Process exhibitor with attribute examples

Mowing exhibits Fluctuating =:hbits Transmitting exhibits ~ Communicating exhibits
Accalerating. Stabilizing. Delaying. Interfering.



Generalization-Specialization

Food
* A structural relation which denotes that _A
one thing specializes to another thing. _
Digital
. . . Camera
 Commonly referred as inheritance in OO
mOde”ing Ianguages. Digital Camera is a Camera. Hunting s Food Gathering.
* For a complete collection of n specializations
of a general that is an object, the syntax of comere A
the generalization-specialization relation link %

OPL sentence shall be: Specialization- — -
object1, Specialization-object2, ..., and Camera | | Camera @ @
pecialization-objectn are General-object.
* For a complete collection of n specializations Ao cmera anabiatial Camera ai= Cameras.
of a general that is a process, the syntax of
the generalization-specialization relation link
OPL sentence shall be: Specialization-
process1, Specialization-process2, ..., and
Specialization-processn are General-
process.

Hunting and Fishing are Food Gathering.

55
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Classification-Instantiation

* The classification, which is an object class or a process
class, is a source pattern for a thing connecting with
one or more destination things, which are instances
of the source thing's pattern, i.e. the qualities the
pattern specifies acquire explicit values to instantiate
the instance thing.

* An instance of a class shall be an incarnation of a
particular identifiable instance of that class with the
same classification identifier.

* The syntax of the classification-instantiation relation link
between an object class and a single instance shall be:

Instance-object IS an instance Of Class-object.

* The syntax of the classification-instantiation relation link
between a process class and a single instance shall be:
Instance-process is an instance of Class-process.

* The syntax of the classification-instantiation relation link
between a process class and n instances shall be;
Instance-objectl, Instance-object2, ..., Instance-objectn
are instances of Class-object.

* The syntax of the classification-instantiation relation link
between a process class and n instances shall be;
Instance-process1, Instance-process2, ..., Instance-
processn are instances of Class-process.

Adult

A

Height Weight
) . [em] [Kg]

| 1emaIEJ make 120..240 | 40240 |
L | S L A -

Gender

Adult exhibits Gender, Height in cm, and Weight in Kg.
Gender of Adult can be female or male.

Height in cm of Adult ranges from 120 to 2440.

Weight in Kg of Adult range from 40 to 240.

Bdult

Jack Robinson :

Adult
A

Height Weight
Gender g a
lem] _[Kg] )

) | [ G | | G

Jack Robinson is an instance of Adult.
Gender of Jack Robinson is male.
Height in cm of Jack Robinson is 185.
Weight in kg of Jack Robinson is 88.
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States can be also used in some relations

Vehicle

Water

| | I
/_/‘-S. — Car — Adrcraft — Ship

Phase Temperature
é'h- Z‘k é‘k R exists for the range of (Celsius)

1 =ald ; >[ below Zero J

Igmund | _[ ar ! r—~] gxists far the range of
liquid Detween
Travelling . J Zero and 100
Medium r—w exists for the range ot
gas | }-[ ahove 100 J

Vehicle exhibits Travelling Medium. Water exhibits Phase and Temperature in Celsius.

Travelling Medium of Vehicle can be ground, air, and water surface. Phase can be solid, liquid, or gas.

Car, Aircraft, and Ship are Vehicles. Temperature in Celsius can be below zero, between zero and 100, or above 100.
Solid Phase exists for the range of below zero Temperature in Celsius.

Ligquid Phase exists for the range of between zero and 100 Temperature in Celsius.
zas Phase exists for the range of above 100 Temperature in Celsius.

Car exhibits ground Travelling Medium.
Aircraft exhibits air Travelling Medium.
Ship exhibits water surface Travelling Medium.

57
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Summary

Aggregation-

E VWhiole

Whole consists

Farticipation ';;Za; Aand -
Part A PartB )
| Exhibitor Exhibitor
Exhibition- iﬂrlibt:ttfte A as
Characterization well as -
Altribute A B
Operation B.
General - .
Thing Specialization A
Generalization- and o
Specialization — ] _ Specialization B
Specialization A Specialization B are General
Thing.
| Class
Instance A and
Classification- Instance B are
Instantiation . . - instances of
Irstance A Instance B Class.
Unidirectional tagged g o Source tag-name Destination.
o _ Source Destination
Egggg&?“““”a' null [Source relates to Destination.]
a-tn-bkag
idirecti A == =~ B A a-to-b tag B.
Bidirectional tagged n-atag B b-to-a tag A.

Reciprocal tagged

[Reciprocal null
tagged]

reciprocal tag

T

A and B are reciprocal tag.

[A and B are related.]




OPM Behavior

Procedural Links




* Procedural Link is a link that specifies a dynamic aspect
of the system by connecting na object (or one of its
states) and a process.



* Procedural links symbolize the behavior of the modeled
system.

* Three types:

* Enabling links: link a process to an object that enables the
process but is not affected by it.

* Transforming links: links a process to an object that is affected
by the process.

* Invocation links: shortcut notation between two consecutive
processes.
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Transforming Links

e A transformation link is a
procedural link that connects a
process with an  object
transformed by the process.
Three types:

* Consumption: the linked object is
consumed and eliminated by the
process.

* Result: the linked object is
constructed by the process.

e Effect: the linked object is
changed by the process.

File File Filz

L

(¥ (Y|

Creating yields File Editing affects File Deleting consumes File

The syntax of a consumption link OPL sentence
shall be: Processing Consumee.

The syntax of a result link OPL sentence shall
be: Processing Resultee.

The syntax of an effect link OPL sentence shall
be: Processing Affectee.



Enabling Links o

Steel Part B
* An enabling link is a procedural — :@ SteelPartAB
. teel Part
link that connects a process —
with an enabler object of that Wlderraies WG, enmasorpae, | ) (o]

prOCESS. TWO types: Welding yields Steel Part AB. v
* Agent: an enabler who is a Sintering Oven ___G

human or a group of humans.
Insert Set can be pre-sintered or sintered.
° I nstru ment a Nno n_h uman Sintering requires Sintering Oven.

Sintering changes Insert Set from pre-sintered to sintered.
enabler

The syntax of an agent link OPL sentence shall
be: Agent handles Processing.

The syntax of an instrument link OPL sentence
shall be: Processing requires Instrument.

63



Invocation Link

e By definition, a process must transform
an object. But sometimes the result of a
process is not significant to the system
and may be ignored. However, the result
of the process is significant to a
consecutive process.

* The invocation link provides a shortcut
to bypass the modeling of the irrelevant

Product
Finishing

A
Product
Shipping

object.
* The syntax of an invocation link OPL  Product Finishing invokes Product
sentence shall be: Invoking-process Shipping.

invokes invoked-process.
e The syntax of a self-invocation link OPL
sentence shall be: Invoking-process

o invokes itself.
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States can be also used in some relations

Raw Metal Bar

pre -cut cut

'\ Cutting

Machine
Operator

Coolant

F’art

ﬁb{ pre-tested

te sted

b

pYA

Testing

L

L r——

-
-

,

Raw Metal Bar is physical.

Raw Metal Bar can be pre-cut or cut.

Machine Operator is physical.

Coolant is physical.

Machining is physical.

Machining requires Coolant.

Machine Operator handles Machining.

Part is physical.

Part can be pre-tested or tested.

Testing is environmental and physical.
Cutting changes Raw Metal Bar from pre-cut to cut.
Machining consumes Raw Metal Bar.
Machining yields pre-tested Part.

Testing changes Part from pre-tested to tested.

Remember to review text
from this model ( Machining
consumes Coolant. )



Name Semantics Sample OPD & OPL Source Destination Name Semantics Sample OPD & OPL Source Destination
The process Food :
State- consumes the b The human Miner
o o -~ L - —
specnflef._:i obJEt_:t if and ) edible consumee process State- agent enables sicle healthy Copper
consumption || only if the object state specified the process Mining agent enabled
link is in the Eating consumes edible Food. agent link provided she is state process
specified state. at the specified Healthy Miner handles Copper
state. Mining.
State- ;—gﬁe?;ct'ggstﬁe @ . g resultee
. g — ] I N | —
rsegjl(l‘:tlflllenc:‘ ObJE'-'CT in the --!h'k (f-4] ] | pure | process state ™ Drill
specified state. .. ; € process -
P Mining yields raw Copper. 913_19' requires the [ faulty [opel'atlonal ] )
specified instrument at instrument | enabled
Input-output- affectee instrument state process

The process Capper affecting the specified

specified source link Copper Mining requires operational
effect link | C'anges the - = state process state. PP N
. object from a — . -
pair specified input Y
(consisting of state via the
one state- input link to a Hact affectee
specified input | specified output afiecting destination
link and one state via the o process state
state-specified output link Purifying changes Copper from raw to
output link) : pure.
Input-
specified Sample affectee fecti
effect link " s a artecting
pair The process [wtglsuLn:J [ Plaet u] lrﬁffj J s?al.{[rce process
changes the = state
(consisting of object from a
one state- specified input
specified input || state to any
link and one output state. affecting
state- Testing changes Sample from awaiting rocess affectee
unspecified test P
output link) ’
Output-
Specihed o aeciee | Aecin
air The process sty ] [ nily ] [pu nted] P
P changes the
(consisting of object from any M
one state- input state to a .
) - Cleaning &
unspecified specified output pmm.?g ; affectee
input link and state. affecting destination
one state- Cleaning & Painting changes Engine | Process state
66 specified output Hood to painted.

link)
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Summary

Procedural transforming links

consumption link result link effect link in-out link pair
Affe Affectes
&) | SAle wlata
 — N Yy
L
W Resultee State
Changing

Consuming consumes
Consumee.

Creating yields
Resultee.

Affecting affects
Affectee.

State Changing
changes Affectee from
input state to output
state.

Procedural enabling links

agent link

instrument link

Agent

Processing

Agent handles
Processing.

Instrument

Processing

Processing requires
Instrument.
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One-page Simple Example
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Walking through one example




— Pilot

Walking through one single page example

1. Delivery Airline is a physical object.
2. Delivery Drone is a physical object.
3. Pilot is a physical object.

Store 4. Package is a physical object.

| Delivery o— | 5. Package can be delivered,on delivery or on
Delivery Airline Preparing store

6. Customer is a physical object.
7. Store is a physical and environmental object.
Delivery 8. Delivery Airline consists of Delivery
St Drone and Pilot.
9. Drone Delivering changes Package from on
delivery to delivered.
10. Pilot handles Drone Delivering.
11. Drone Delivering requires Delivery Drone.
12. Drone Delivering affects Customer.
13. Delivery Preparing changes Package from on
store to on delivery.
14. Store handles Delivery Preparing.
15. Customer handles Delivery Requesting.
16. Delivery Requesting affects Store.

on delivery

‘ delivered \

on store

Delivery Drone |

Drone
Delivering <<—>>] Customer
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Final Remarks



%}Lg’ Model-Based Systems Engineering for Aircraft Design with
) Dynamic Landing Constraints Using Object-Process
Methodology

Linwen Li' * TI, Natali Levi Soskin® T, Ahmad Jbara® T, Mot1 Karpel4 ! and Dov Dori® 7

"Shanghai Aircraft Design and Research Institute, Shanghai, 201210, China

Stakeholder

Needs Set é

Aircraft Level
Design Assumptions
and Constraints Set

Aircraft
Realizing

System
Realizing

Aircraft
Defining

0
System
Defining

\

Aircraft Level
Designing Requirement

Aircraft '-‘-l
A

System Level
Design Assumptions
and Constraints Set

System Level
& Designing Requirement
A

—>> System [

SOME EXAMPLES

Item Level
Design Assumptions
and Constraints Set

ltem Level Item Item tem B
[7| Designing Requirement Defining Realizing .4
A
ltem
Implementing
ltem ]
Component J

72



|
N Some thoughts

* OPM is simple and powerful to talk with stakeholders and create the first
architectures

* OPM uses one diagram type to handle structure and behavior

* the language vocabulary has only a couple of symbols and semantics to mimic
common sketching.

* OPM allows simple-formal modelling and enables to control the
complexity.

* OPM is the only MBSE that simulates CONCEPTS.
* Asitisan ISQO, it is worth a try.

* OPM lacks transformational tools to other domains and a open
metamodel (EMF).
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OPM Is growing

* OPM main tool is the OPCloud (“web” based)

* It has been highly improved from the OPCat used through the
course.

» Usability is better
* Allows dynamic behavior
* |oT connectable through MQTT I
e Socket connection =
* Stereotypes
* Styling
* Timing
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